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Introduction 
 

Road traffic injuries are a major global public 
health issue (1, 2). In Taiwan, data provided by the 
Ministry of Health and Welfare showed that the 
mortality rate from traffic injury was 16.8/100,000 
in 2008 (3). This was higher than the rates of 
14.5/100,000 in the United States, 5.4 in Japan, 
5.8 in Singapore, 15.7 in Republic of Korea, 5.0 in 
England, and 6.2 in Germany in 2008(4), but low-
er than 39 in Iran (5).  

Of the various types of accidental injuries, trau-
matic brain injury is regarded as most important, 
because about half of injury-induced deaths are 
related to traumatic brain injury (6). About 10% of 
traumatic brain injuries in Taiwan are caused by 
motor vehicle accidents (7). 
Multiple studies in the United States (8, 9), Italy 
(10), Germany (11), and France (12) have shown 
that mandatory seat belt use reduced the fre-
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quency of traumatic brain injuries. In Taiwan, a 
seat belt use law was implemented nationwide on 
June 1, 2001 and motor vehicle drivers caught by 
the police not using their seat belts could be fined. 
Drivers and front-seat passengers have been sub-
ject to a fine of US$50 for failure to fasten their 
seatbelts, and drivers are subject to a fine of 
US$100-200 if they fail to use their seat belt while 
driving on a freeway or expressway. Starting in 
2012, drivers of sedans have been subject to a fine 
of US$50 when back seat passengers fail to use 
their seat belts. Despite the law and monetary 
penalties for failure to use seat belts, there has 
been widespread resistance to their use. Argu-
ments have included infringement on personal 
freedom and discomfort.  
Because there have been no comprehensive stud-
ies in Taiwan indicating that seat belts indeed ex-
ert a protective effect in auto accidents, we hope 
that this study will confirm the benefit of the seat 
belt legislation, encourage Taiwan to strengthen 
enforcement of this measure, reduce the severity 
of external head injuries in auto accidents, and 
thereby lessen household economic losses and the 
consumption of medical resources.  
The aim of this study was to determine the effect 
of this new law for car driver and front-seat pas-
senger on the severity of traumatic brain injuries 
because of motor vehicle accidents. Verification 
of the benefit of this safety belt legislation would 
hopefully increase seatbelt compliance in Taiwan. 
 

Methods 
 
Data Collection 
In this case-series study, data on motor vehicle-
related traumatic brain injuries for car driver and 
front-seat passenger were collected for the 4 years 
before (June 1, 1997–May 31, 2001) and 12 years 
after (June 1, 2001–May 31, 2013) implementation 
of the seat belt law. The data were collected from 
the 27 major teaching hospitals in Taiwan, which 
have been part of the Traumatic Brain Injury Reg-
istry of the Ministry of Health and Welfare since 
2002 when the number was reduced from the 56 
hospitals, which were first included in 1994. 

Twenty-three hospitals in Taipei are representative 
of urban areas and 4 in the Hualien area are repre-
sentative of rural areas. All of these hospitals have 
neurosurgery departments. Patients dead on arri-
val and non-hospitalized patients were excluded 
from this study, as were those without infor-
mation about seat belt use (Fig. 1). Most infor-
mation about seat belt use (74.2%) was taken 
from police reports. If that source were not availa-
ble, then patients provided the information. Since 
it was part of the hospital record and confidential, 
it was not shared with the police for possible 
prosecution and there was no incentive for 
providing false information. 

 
Fig. 1: Flow chart of the study 

 
Data about traumatic brain injuries were recorded 
by experienced neurosurgeons at each hospital 
and were extracted by the same research assistant 
from the Injury Prevention Center to maximize 
reliability and consistency. Cases were identified 
by International Classification of Diseases, Ninth Revi-
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sion (ICD-9) classifications (i) fracture of skull or 
face bones, (ii) concussion, (iii) cere-
bral/cerebellar/brain stem contusion or laceration, 
(iv) extracerebral and/or intracerebral hematoma, 
subarachnoid hemorrhage, subdural hematoma, 
epidural hemorrhage, intracranial hemorrhage, (v) 
unspecified intracranial injury, (vi) injury to blood 
vessels of head and neck, and (vii) injury to cranial 
nerves. A thorough review of inpatient medical 
records and related examinations of all traumatic 
brain injury patients was carried out. Data pertain-
ing to the identification of possible variables im-
plicated in motor vehicle-related traumatic brain 
injuries were recorded; these were age, gender, 
and Glasgow Coma Scale (GCS) score. The GCS 
is scored as follows: 1) severe: score of 8 or below; 
2) moderate: score of 9 to 12; 3) mild: score of 13 
to 15, or condition not meeting any of the above 
criteria. The Glasgow Outcome Scale was used to 
categorize the outcome on discharge: good recov-
ery, moderate disability - disabled but independent, 
severe disability - conscious but dependent, persis-
tent vegetative state, and death. The study was 
approved by the Institutional Review Board of 
Taipei City Hospital. 
 

Statistical analysis 
Continuous variables were expressed by median 
and inter-quartile range (IQR) and compared by 
the Mann-Whitney U test. Categorical variables 
were expressed by count and percentage and com-
pared by the Chi-square test or Fisher’s exact test. 
Univariate and multivariate logistic regression 
models were utilized to investigate the independ-
ent factors associated with physical condition at 
discharge. Odds ratios (OR) with corresponding 
95% confidence intervals (95%CI) were deter-
mined for the univariate logistic regression analy-
sis. Variables with a significant association with 
physical condition at discharge (P<0.2) in the uni-
variate logistic regression model were selected for 
multivariate analyses. Adjusted ORs (aOR) with 
95%CI to identify an association with physical 
condition at discharge were then calculated. A 
two-tailed P value < 0.05 was considered statisti-
cally significant. Statistical analyses were per-

formed with SAS software version 9.2 (SAS Insti-
tute Inc., Cary, NC). 
 

Results 
 

A total of 822 brain-injured patients (561 males 
and 261 females) with a mean age of 37.4 
(SD=13.4) years were retrospectively reviewed 
and included in this study. Of these 822 patients, 
251 had motor vehicle accidents before the law 
was implemented (1997.6.1- 2001.5.31), and the 
other 571 after that (2001.6.1-2013.5.31) (Supple-
ment Table 1). Among those patients who had 
accidents, 252 (30.7%) had worn seat belts and 
570 (69.3%) had not. Table 1 shows the character-
istics of motor vehicle occupants with and with-
out belts. More wore seat belts after the law was 
implemented. Those with seat belts had a lower 
median hospital stay than those without seat belts 
(6[4,12] vs. 8[4,15], P=0.026). There was a signifi-
cant difference between those with and without 
belts in the distribution of physical conditions at 
discharge (P < 0.001), as many more of the for-
mer made a good recovery (Table 1). In addition, 
Fig. 2 shows that those subjects without belts had 
a significantly higher rate of poor physical condi-
tion than those with belts after the law was im-
plemented (18.3% vs. 7.4%, P<0.001). Before the 
law was implemented, physical condition was 
similar between subjects with and without belts 
(25% vs. 29.9%, P=0.570) (Fig. 2).  
 

 
Fig. 2: Physical condition at discharge of belted and 
unbelted subjects before and after the law was imple-
mented. Differences were compared using Pearson’s 
Chi-square test. P<0.05 indicates a significant differ-
ence between belted and unbelted subjects 
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The rates of loss of consciousness, neurologic def-
icit, intracranial hematoma and craniotomy were 
significantly lower for subjects with belts than for 
those without belts (all P< 0.05). There was also a 
significant difference in the distribution of severity 

as rated by the GCS (P < 0.001). Rates of motor 
vehicle-related traumatic brain injuries were simi-
lar in belted and unbelted occupants before the 
law was implemented (Table 2). 

 
Table 1: Characteristics of motor vehicle occupants with and without seat belt use 

 

 Variables Belted 
(n=252) 

Unbelted 
(n=570) 

P value 

Age, yr 35 (28.3 , 44) 35 (26 , 46) 0.807 
Gender   0.015* 
 Female 95 (36.4%) 166 (63.6%)  
 Male 157 (28.0%) 404 (72.0%)  
Law implementation   <.001* 
Pre-Law (1997.6.1-2001.5.31) 34 (13.5%) 217 (86.5%)  
Post-Law (2001.6.1-2013.5.31) 218 (38.2%) 353 (61.9%)  
Hospital stay, days 6 (4 , 12) 8 (4 , 15) 0.026* 
Glasgow Outcome Scale   <.001* 

Good recovery 223 (90.3%) 413 (77.6%)  
Moderate disability 12 (4.9%) 47 (8.8%)  
Severe disability 7 (2.8%) 36 (6.8%)  
Vegetative state 0 (0%) 3 (0.6%)  
Death 5 (2.0%) 33 (6.2%)  

Continuous variables were expressed by median and IQR, which were then compared between belted and unbelted 
groups by the Mann-Whitney U test. Categorical variables were expressed by count and percentage, which were then 
compared between belted and unbelted groups by the Chi-square test or Fisher’s exact test. 
* indicates a significant difference between belted and unbelted groups. 
 

Supplemental Table 1: Annual totals of brain-injured patients 
 

year 1997.6.1- 2001.5.31 
(n=251) 

2001.6.1-2013.5.31 
(n=571) 

Total 

1997 62 0 62 
1998 77 0 77 
1999 47 0 47 
2000 46 0 46 
2001 19 38 57 
2002 0 34 34 
2003 0 42 42 
2004 0 41 41 
2005 0 50 50 
2006 0 53 53 
2007 0 52 52 
2008 0 54 54 
2009 0 52 52 
2010 0 51 51 
2011 0 44 44 
2012 0 43 43 
2013 0 17 17 
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Table 2: Comparison of motor vehicle-related traumatic brain injuries between belted and unbelted occupants be-
fore and after implementation of the Taiwan seat belt use law 

 

   Belted, n(%) Unbelted, n(%) P value 
Overall (n=252) (n=570)  

Loss of consciousness 78 (31.0) 208 (38.2) 0.048* 
Amnesia 37 (14.8) 104 (19.3) 0.123 
Neurologic deficit 24 (9.5) 95 (17.2) 0.004* 
Skull fracture 23 (9.1) 74 (13.3) 0.090 
Intracranial hematoma 73 (29.1) 218 (39.0) 0.007* 
Craniotomy 21 (8.4) 78 (13.9) 0.027* 
Severity (GCS)   <.001* 

Mild 205 (81.4) 393 (69.5)  
Moderate 30 (11.9) 80 (14.2)  
Severe 17 (6.7) 92 (16.3)  

Pre-Law implementation (n=34) (n=213)  
Loss of consciousness 19 (55.9)) 91 (42.9) 0.158 
Amnesia 15 (44.1) 61 (29.5) 0.088 
Neurologic deficit 8 (23.5) 56 (26.8) 0.689 
Skull fracture 4 (11.8) 33 (15.6) 0.565 
Intracranial hematoma 16 (47.1) 95 (44.6) 0.789 
Craniotomy 7 (20.6) 38 (17.8) 0.700 
Severity (GCS)   0.482 

Mild 21 (61.8) 123 (57.7)  
Moderate 8 (23.5) 40 (18.8)  
Severe 5 (14.7) 50 (23.5)  

Post-Law implementation (n=217) (n=350)  
Loss of consciousness 59 (27.1) 117 (35.1) 0.047* 
Amnesia 22 (10.2) 43 (13.0) 0.322 
Neurologic deficit 16 (7.3) 39 (11.4) 0.118 
Skull fracture 19 (8.7) 41 (11.9) 0.231 
Intracranial hematoma 57 (26.3) 123 (35.5) 0.022* 
Craniotomy 14 (6.5) 40 (11.4) 0.050 
Severity (GCS)   0.029* 

Mild 184 (84.4) 270 (76.7)  
Moderate 22 (10.1) 40 (11.4)  
Severe 12 (5.5) 42 (11.9)  

Categorical variables were expressed by count and percentage, which were then compared between belted and un-
belted groups by the Chi-square test. 
* indicates a significant difference between belted and unbelted groups. 
 

The rate of total associated injuries was signifi-
cantly higher in unbelted subjects (P <0.001). 
Among these patients with injuries, the rates of 
whole spine fractures and facial fractures were sig-
nificantly lower for subjects with belts than for 
those without them (all P <0.05); however, the 
rate of other injuries was similar for both groups 
(Table 3). A logistic regression model was utilized 

to investigate the independent factors associated 
with poor physical condition including disability, 
vegetative state and death at discharge. Gender, 
belt use, implementation of  the law, and duration 
of  hospital stay were the independent factors as-
sociated with poor physical condition at discharge 
(all P <0.001). After adjustment for other risk fac-
tors, males had a higher rate of poor physical con-
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dition at discharge than did females (aOR = 1.94, 
95% CI: 1.20-3.11, P = 0.006). For each 1 day in-
crease in hospital stay, the odds ratio (OR) in-
creased by 1.04 (95% CI: 1.03-1.05, P < 0.001). 

Implementation of the law was also associated 
with improved physical condition (aOR = 0.44, 
95% CI: 0.29-0.66, P < 0.001) (Table 4).  

 
Table 3: Injuries to body regions other than the head between belted or unbelted traumatic brain-injured motor ve-

hicle accident victims in Taiwan 
 

 Variables Belted, n(%) 
(n=252) 

Unbelted, n(%) 
(n=570) 

P value 

Total associated injuries 118 (47.0) 360 (64.1) <.001* 
Whole spine fracture 13 (5.2) 53 (9.4) 0.040* 
Facial fracture 24 (9.6) 123 (21.9) <.001* 
Chest injury 23 (9.2) 62 (11.0) 0.421  
Abdominal injury 6 (2.4) 20 (3.6) 0.382  
Upper extremity fracture 11 (4.4) 37 (6.6) 0.219  
Lower extremity fracture 25 (10.0) 49 (8.7) 0.570  
Cervical spine 12 (4.8) 48 (8.6) 0.057  
Thoracic spine 4 (1.6) 13 (2.3) 0.605  
Lumbar spine 2 (0.8) 13 (2.3) 0.137 

Categorical variables were expressed by count and percentage, which were then compared between belted and un-
belted by the Chi-square test or Fisher’s exact test. 
* indicates a significant difference between belted and unbelted groups.  
 

Table 4: Relationship between seatbelt use and poor physical condition at discharge (disabled, vegetative state and 
death): north and east Taiwan, June 1997–May 2013 

 

 Variables Univariate  Multivariate 
  OR(95% CI) P value  aOR(95% CI) P value 

Age, years  0.993 (0.979 , 1.007) 0.299    
Gender      
 Female 1   1  
 Male 2.272 (1.449 , 3.562) <.001*  1.936 (1.204 , 3.112) 0.006* 
Belt use      

Belted 1   1  
Unbelted 2.677 (1.677 , 4.274) <.001*  1.939 (1.179 , 3.189) 0.009* 

Law implementa-
tion 

     

Pre-law 1   1  
Post-law 0.398 (0.273 , 0.579) <.001*  0.439 (0.293 , 0.659) <.001* 

Hospital stay, days 1.042 (1.029 , 1.054) <.001*  1.041 (1.028 , 1.054) <.001* 

OR, odds ratio; CI, confidence interval; aOR, adjusted OR. 
* indicates independent factors associated with the severe traumatic brain injury, poor physical condition at discharge 
(disabled, vegetative state, and death). 

 

Discussion 
 
After implementation of a seat belt law for the 
driver and front-seat passenger on June 1, 2001, 

more Taiwanese motor vehicle accident victims 
(38.2%) wore them than had those prior to imple-
mentation (13.5%). This rate was much lower 
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than that reported in the United States (87%) (13), 
but higher than that in Nigeria (18.7%) (14). 
According to statistics from the National Police 
Administration, the rate of seat belt use among 
persons killed in motor vehicle accidents between 
2003 and 2012 was 70.7%. The average rate of 
seat belt use among persons injured in motor ve-
hicle accidents between 2003 and 2012 was 89%. 
Furthermore, the rate of injury to persons with 
seat belts decreased annually from 93.2% in 2003) 
to 85.6% in 2012. (http://talas-pub.iot.gov.tw/ 
TBfiles /101_A.aspx). This study found that after 
the seat belt law was implemented, the seat belt 
use rate among drivers suffering traumatic brain 
injuries in accidents was only 38.2%, indicating 
that the rate of seat belt use among persons suf-
fering external head injuries was quite low.  
There were more traumatic brain injuries among 
males than among females for all age groups, with 
a peak in the 35- to 54-year-old group. Being male 
was also associated with poorer physical status at 
discharge. This was consistent with a previous 
study in France (12).  
Following accidents, people who used their seat-
belts had an average of 2 fewer days of hospitali-
zation than people who failed to use them. Ac-
cording to data compiled by Taiwan’s National 
Health Insurance Administration in 2013, people 
who used their seat belts reduced medical expend-
itures by US$310 compared with people who 
failed to use them. Unbelted traumatic brain injury 
patients result in a significant burden on hospitals 
in terms of increased incidence and severity of 
injuries to victims, use of more hospital resources, 
and a greater financial burden. Results of this 
study were consistent with those of Metzger et al. 
who found that between 1995 and 2000, unbelted 
occupants involved in motor vehicle accidents had 
1.52 more lost workdays than belted occupants. 
This was approximately 7.3 million workdays, 
$566 million in lost wages, and $1.25 billion in 
workplace costs (15).  
Our data showed that seat belt use did not in-
crease the risk of injuries to other body regions, 
such as the abdomen and chest. This was similar 
to the findings of Porter et al. (16) while the use 
of seat belts by obese individuals will increase risk 

of abdominal injury (17), information about body 
weight or BMI (body mass index) was not availa-
ble in this study. 
Persons who fail to use their seat belts experience 
a far greater force of impact in an auto accident 
than persons who fasten their seat belts (18). 

When a vehicle is in a collision, the greatest poten-
tial hazard of not wearing a seatbelt lies in the 
possibility of secondary impact. It has been found 
from collision experiments that motorists who fail 
to fasten their seat belts will be propelled forward 
and upward due to inertia, causing their chest to 
strike inevitably the steering wheel, and their fore-
head to strike the glass of the windshield, resulting 
in injury. Similarly, passengers who do not use 
their seat belts are often killed or severely injured 
due to impact or being thrown from the vehicle. 
When drivers do use their seat belts, the tension 
of the seat belt in the event of a collision will pre-
vent their bodies from striking the steering wheel 
or glass of the windshield, providing an added lay-
er of protection. This study's finding that the use 
of seat belts can reduce the severity of external 
head injuries, including the chance of death, loss 
of consciousness, neurologic deficit, intracranial 
hematoma, craniotomy, and facial fracture, indi-
cated that seat belts can protect the head and body 
by reducing the force of impact and lessen the 
chance that motorists will suffer external injury 
when their head strikes the steering wheel or 
windshield.  

After 2001, traumatic brain injuries were less se-
vere and the rates of loss of consciousness, neuro-
logical deficit, intracranial hematoma, craniotomy, 
and poor physical condition at discharge were all 
lower. These findings might suggest that manda-
tory seat belt use reduced the number of traumatic 
brain injuries; however, no data were available 
about accident victims who died at the scene and 
were not brought to a hospital.  
It is very difficult to judge about factors related to 
decline of road traffic injury (RTI) and death. This 
decrease of RTI and fatal RTI might be an indica-
tor of one of the following factors: improved safe-
ty of modern vehicles, avoidance of high-risk driv-
ing behaviors, wearing helmets, seatbelts, and the 
increased congestion in the cities. Increased con-
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gestion decreases the speed of motor vehicles. 
Thus, crashes cause minor injuries and fewer 
deaths (19). Possible factors involved in the de-
crease in RTI and deaths are due to a variety of 
interventions, including: seat belt legislation for 
drivers and front passengers, helmets for motor-
cycle riders, direct police enforcement, police 
cameras for monitoring speeding, improved health 
care facilities, public education campaigns, the po-
lice school assistance program, and identification 
of hazardous locations on the country’s main road 
network (5, 20). Developing infrastructure to sup-
port automated enforcement may be the best so-
lution for speeding/not using seat belts on the 
roadway (21). On the other hand, although the 
increase in attitude and behavior was followed by 
a decrease in road traffic crashes (RTC), the atti-
tude of drivers has a crucial effect on decreasing 
the number of RTC of drivers (22). 
Seat belts remain our best defense in reducing 
both the severity of injuries and the number of 
fatalities. Seat belts restrain occupants and mini-
mize the effects of the extreme forces involved in 
a motor vehicle crash. This is of particular con-
cern in the case of pregnant women. Several stud-
ies have documented the concern that seat belts 
themselves might cause injury or that people did 
not understand the benefit of the use of restraint 
(23, 24). Appropriate knowledge about correct 
seat belt placement could potentially increase the 
level of comfort while wearing a seat belt (25). 
This study had several limitations. We did not col-
lect data about pregnancy or the reason for failure 
to use seat belts. We used tertiary hospital–based 
data, which might not reflect the overall traumatic 
brain injury distribution in the study areas and da-
ta were limited to that from hospitals chosen by 
the Ministry of health and Welfare to continue to 
be part of the Traumatic Brain Injury Registry. 
Patients who were dead on arrival or those who 
were seen in the emergency room but did not re-
quire hospitalization were excluded from the study. 
There was no information about airbags, so that 
we were unable to determine whether safety 
measures other than seat belts affected the sever-
ity of injuries. While this study did not examine 
records indicating the directions of vehicle colli-

sions, the direction of a collision may also affect 
the severity of injuries. 
 

Conclusion 
 
Taiwan implemented legislation requiring motor 
vehicle drivers and front seat passengers to use 
seat belts on June 1, 2001, and implemented fur-
ther legislature requiring backseat passengers to 
also use seat belts in February 2012. This is the 
first formal study to verify the protective effect of 
seat belts in Taiwan. Among occupants who sur-
vived a motor vehicle accident but had traumatic 
brain injuries, those who had worn seat belts had a 
better prognosis. Seat belts remain one of the best 
methods to reduce both the severity of injuries 
and the number of fatalities.  
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